Chicken cells infected with avian RNA tumor virus often contain small cytoplasmic A-type particles which commonly exist as clusters of 50-100 particles when viewed in thin sections. These particles were found more consistently in Rous sarcoma virus-infected than Rous-associated virus-infected cultures, but were generally present in only a small fraction of the total infected cells. The results of the survey of cells infected with various strains of leukosissarcoma viruses led to the hypothesis that the A particles develop in cells undergoing cytopathological degeneration. The hypothesis explains also the evanescent nature of the appearance of these particles in infected cells. The application of immunoelectron microscopic methods using monospecific antisera against viral internal proteins revealed that the A particles contain components immunologically related to the proteins of C-type virus.
The process of assembly, release by budding, and maturation of the oncogenic RNA agents, including particles classified morphologically as C-type viruses (1, 2) , occurs at the plasma membrane of infected cells (3) (4) (5) . In avian systems one generally does not observe any recognizable precursor internal structures at the site of egress equivalent to the "A"-type particles found in murine and other infections. However, commencing with the report by Bernhard et al. (6) , presence of aggregates of cytoplasmic A particles 60-70 nm in diameter has been described (7) (8) (9) (10) . Since such particles are not an invariable component of virus-producing avian cells they were considered to be not essential for replication. By contrast, in the case of murine agents A particles are present consistently, notably in tissue of mouse mammary carcinoma (2, 11) , plasma cell tumors, and lymphomas (12) (13) (14) . In addition to intracytoplasmic A particles, a morphologically somewhat different component, also designated as A-type, occurs as individual units intracisternally within tumor cells (2, (15) (16) (17) .
An unexpected recent encounter on a fairly regular basis of cytoplasmic A particles in chicken cells infected with Rous sarcoma virus (RSV) led us to investigate the possible antigenic relationship of these entities to RSV. In order to clarify the circumstances under which such cytoplasmic particles are formed, we surveyed by electron microscopy chicken cells which were infected with a spectrum of avian tumor virus serotypes and were cultured under a variety of physiological conditions. (19, 20) . For most experiments, chicken cells negative for group-specific antigen (gs) and chicken helper factor (chf) (18) were used.
Antisera and Immunoelectron Microscopy. Monospecific antisera against purified RAV-2 proteins P27, P19, and P15 were obtained from immunized rats as described previously (21, 22) . The specificity of each serum was determined by means of radioimmunoassay employing as antigen each respective polypeptide purified on guanidine-hydrochloride agarose columns and indicated less than 1% cross reactivity with any other antigen (22) . Since antibody does not penetrate the plasma membrane of living cells, prior to immunological tagging the cells were released from monolayer by trypsin, washed repeatedly in cold Dulbecco's phosphate-buffered saline, made permeable by exposure for 2 min to 0.005% Nonidet P40 (NP40) to rupture the membrane, centrifuged at 800 X g for 10 min into a pellet, resuspended in Eagle's MEM nutrient medium (23) , and incubated with monospecific antiserum at 370 for 30 min with continuous agitation. Unattached antibody was removed by centrifuging the cells and resuspending in nutrient medium twice. In some cases when the indirect immunoferritin technique (24) was employed the ruptured cells were exposed first to specific antiserum and, following washing, to a conjugate of ferritin and goat antiserum to rat immunoglobulin. Finally, the cells were washed three to four times to remove unadsorbed ferritin-antibody and, following centrifugation at 800 X g for 10 min, the pellet was fixed in cold 1.25% glutaraldehyde solution buffered with 0.1 M phosphate at pH 7.2, postfixed in OS04, dehydrated, and embedded in epoxy resin mixtures as previously'described (23) . Thin sections of pellets were prepared, stained, and examined by conventional procedures, also described previously (23 ments, as shown previously (23) . The clusters of A particles were also found to remain associated with such complexes. Therefore, after being pelletized by centrifugation at 1200 X g for 30 min, thin sections of the complexes revealed considerable enrichment for clusters of the A particles.
RESULTS
Morphology of A-Type Particles. The particles present in chicken cells infected with various avian leukosis-sarcoma viruses had very similar fine structures. Each particle was approximately spherical or hemispherical, measured about 70 nm in diameter, and consisted of two concentric, dense rings and a less dense core, as illustrated in Figs. 1 and 4. Small, dense particles having the size and general morphology of ribosomes sometimes occurred on the surface of A particles (Fig. 1) . Commonly, clusters of 50-100 particles were present in the vicinity of the nucleus, in some cases associated with the peripheral, ribosome-like elements (Fig. 1) . The A particles resembled morphologically cores of budding particles, or those of the extracellular particles shortly after release by budding and which have been referred to as "enveloped A" particles (34) (Fig. 2) . However, the A particles had a fine structure different from that of cores of mature C-type particles, as illustrated in Fig. 2 (18, 22) were observed to be entirely devoid of the A-type particles. As will be seen belbw, the cytoplasmic A particles were elicited by several strains of avian tumor viruses. This preliminary survey strongly suggested that formation of A-particles is the direct consequence of infection with C-type agents.
Immunoelectron Microscopy. Because of the morphological similarity between the A particles and virus cores (25, 26) it might be expected that they are antigenically related, and thereby share common internal, structural proteins. Such internal viral proteins belong to the types known to be group-specific (27-29), i.e., are antigenically cross-reactive with proteins of cores belonging to various strains of avian leukosis-sarcoma viruses.
The SR-RSV-A-infected cells, rendered permeable by treatment with NP40, were reacted with rat antisera to P27, P19, and P15 derived from RAV-2, and where appropriate were also exposed to conjugate of ferritin with goat and antirat serum. The binding of monospecific antibodies, as illustrated in Fig. 3 for anti-P19 antibody, was shown indirectly by means of the ferritin marker. All three monospecific antibodies showed equally strong affinity for the A particles. In the controls, when cells were reacted with either preimmune rat serum or absorbed anti-P27 serum which had been preincubated with detergent-treated RAV-2 particles, specific labeling with ferritin was absent. Antigen-antibody association could also be demonstrated by electron microscopy without application of the ferritin-goat antibody conjugates. The ferritin molecules are closely associated with A particles. X90,000. Insert. Portion of a similar cluster, shown at a higher resolution, reveals more clearly the association between the ferritin tag and A particles. X130,000.
As shown in Fig. 4 (19, 30) , while among cultures of RSV-transformed cells there usually exist some cells undergoing degeneration. These observations led us to consider that accumulation of A particles and cell cytopathology may be correlated. To test this hypothesis, cultures were infected with serial dilutions of RAV-2, one agent that can cause transient cytopathic destruction of a fraction of the infected cells (19) which becomes manifest by a lack of increase in cell number. It has not been established whether under these circumstances cells either recover from the injury or are eliminated and completely replaced by cells resistant to damage, whereby normal growth is restored after several days. Gross cytopathic changes become readily evident only when virus-induced injury has spread to the majority of the cells. Therefore, as shown in Table 1 , cytopathic effects appear to be at a maximum soon after subculture of cells originally inoculated with high titer of virus, but occur at later passage if lower doses were originally employed for inoculation. There was good correlation between the evidence of cytopathology and frequency of occurrence of A particles among the cells in culture, as summarized in Table 1 . These data are compatible with the hypothesis that cytopathology and accumulation of A particles are related phenomena. DISCUSSION Data from this investigation strongly indicate that A particles are formed as a product of the C-type virus used for infection. This is deduced from an obligatory association between particles and infection by RSV or RAV, by an absence of these particles from normal chicken cells, even when such are chf-positive and, therefore, synthesize the internal virus proteins, i.e., gs antigens, and by the appearance of these particles following infection with recently cloned RSV or with a spectrum of subgroups of purified RAV. The above findings are strengthened by immunoelectron microscopic data which reveal the binding of monospecific antibodies prepared against several viral internal proteins to the intracytoplasmic clusters of A particles, in line with observations reported for one of the murine systems in which an antigenic relationship has been demonstrated between A and B particles occurring in mammary tumor cells (31, 32) .
There have been sporadic reports on the occurrence of A particles in avian RNA tumor virus-infected cells (6-10) and murine leukemic cells (12) (13) (14) 
